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B RKEREDF R RGHFLARD. [B] AANFRSZREREBLEFT S BRI —HEER
Qhu-G9 #AT % A8 5 K X BOR BB F £ W &b oA, [k @it 16S rRNA A B 43

WA Fe R RE BN, t56HA. ABAN, @IALFANBARANG 5 S A05 RIFIE, FEmE
B Qhu-G9 #9oEKiiz., [£R]1 Qhu-G9 54 EH Streptomyces dioscori A217" F= Streptomyces
auranttiiacus NBRC 13017 480 E & 5, ¥4 99.22%, 4A6HAWKR, WA ZH 2 —HELTH.

AT 16S tRNA A A 5 5 #1269 2 5 & A AR 7 Qhu-G9 2k 2 A& &, JF B3 A4 3 4 e dm ol 5 %
DU FAAEX A A AR K EF. @A E AN FIRE T 5 R B 94 F DNA-DNA
Z¢ % {# (digital DNA-DNA hybridization, dDDH)#=-F 3 4% 3 BR — 3 M (average nucleotide identity,
AND), &I Qhu-G9 L5 ZA8NAE S. auranttiiacus NBRC 13017"#) dDDH 5 ANI 1A% &, 284
36.65%7% 88.21%, 1R MMKTF FIEH @ 69 BIME, #—F K9 Qhu-G9 A — ik & B4+, o
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Polyphasic identification and genome mining of secondary
metabolites of a novel species Streptomyces haixigobicum sp.
nov. Qhu-G9 isolated from the Gobi habitat of the
Qinghai-Tibetan Plateau

XIANG Xin', YIN Hengxia 2, FAN Jiakai', DENG Jiawen', ZHU Zhaoyu', QIU Qinghui’,
LIU Yurui', ZHANG Benyin '?

1 College of Eco-environmental Engineering, Qinghai University, Xining 810016, Qinghai, China
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Abstract: [Background] The extreme habitats of the Qinghai-Tibet Plateau (QTP) harbor rich
microbial resources and are important sources of microbial drugs, with abundant microbial
resources remaining to be exploited. [Objective] A Streptomyces strain Qhu-G9 isolated from
Gobi soil of the QTP was identified by polyphasic taxonomy, and its biosynthesis potential of
secondary metabolites was analyzed. [Methods] The taxonomic status of Streptomyces Qhu-G9
was determined by 16S rRNA gene amplification, sequencing, and phylogenetic analysis,
combined with polyphasic taxonomy based on genome sequencing and morphological,
physiochemical, and cytochemical characteristics. [Results] Qhu-G9 had the highest similarity
(99.22%) with the type strains Streptomyces dioscori A217" and S. auranttiiacus NBRC 130177,
which, combined with morphological characteristics, indicated that Qhu-G9 belonged to
Streptomyces. However, the phylogenetic tree constructed based on the 16S rRNA gene
sequence displayed that Qhu-G9 branched independently. Moreover, the physiochemical and
cytochemical characteristics of this strain were quite different from those of the most similar
model bacteria. We then employed genome sequencing to evaluate the digital DNA-DNA
hybridization (dDDH) and average nucleotide identity (ANI) between Qhu-G9 and the model
bacteria. The dDDH and ANI values were the highest between Qhu-G9 and S. auranttiiacus
NBRC 130177, reaching 36.65% and 88.21%, respectively, both of which were lower than those
determining a novel species. The results further confirmed that Qhu-G9 was a novel species of
Streptomyces and named as S. haixigobicum sp. nov. Qhu-G9. In addition, antiSMASH revealed
a large number of gene clusters for the biosynthesis of known and unknown secondary
metabolites in the Qhu-G9 genome. [Conclusion] Qhu-G9 isolated from Gobi soil of the QTP is
a novel Streptomyces species and has great potential for the production of active secondary
metabolites.

Keywords: Qinghai-Tibet Plateau; Gobi; Streptomyces; polyphasic taxonomy; gene clusters for
biosynthesis
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B 75 W J& (Streptomyces) H  Waksman Fll
Henrici T 1943 4E 1 ARIEN, 1E AR AT 1 i
KEE, HAtEHEY 711 A 1EX a4 8
(https://Ipsn.dsmz.de/genus/streptomyces) . % 55
W)z oA T R, JF BN EA AR AR
ESN %115 B N i G B RS BTN R f e 7/ e
P PE R B AR = W OV ) £ 2 R, gy
BR AT A RRE I IC R, 75% IR
R B P AR 3R GBI A ok I Y — 2 ) 2
N5 1 T kb R AR L SR, TR
U NPT BE DK P R 75 S5 R B 2 E i 24
20 T 10 HE AN 24 B G B IR T A A i
THA i K 30 3 S 7 J5 IR TR SR 7 i
Ab, T DA A 0 b R AR R R R T
HRBACH =Wy B RE R = ™), R, MR
AR5 Hh OB 0 B B 1 AT RE A B T R B A
(BB A 1)

T ISR 4 000 m,  HRRE Hb
PR E 5 AU SR LT 2R R Y B S A=
B, &M LERAEYBR A X 2 P )
Ui PR B8 25 A1 T R B A T IR Sl A W 7 A
o ARE TR R R AR B AR
e, PN I A BT R T R i e R B U M
HA Y6 R AR ™ W, R P 7D
Ao VETETIA g L PR R e R Y e ED
BIEfah L R BT MR XZ46™
710271 7022 ™R 167-2-28", I H IR 4]
OIHT B, K T R TR T P AR R AR I
AR =W E Y A U S R . 534k, He 1Y
AT g DA R g IR A217,
Hom A E AL & Y B B BT A S5
PUANTARE S o PRI, 7 780 e DA o A 5 2 kB0
TR W B B e W 25 ) ) E R, A
NS T )N T G g it e BE g vh o B AR B Y
—PREE R R OT T 2 AH 0 2872 B MR A

B, VA2 48 A 16 P O A L™ 1y 24
ﬁ_’z%ﬁtﬂ o

1 MR5r%

1.1 #8
1.1.1 #S

PR Qhu-G9 J2& Fif 1 DA 75 78 /o it X BE A B
(N37°19.855 1', E96°41.454 5") 3L 5 h 485
AT, T80 °CT 20%H il . #%5=X & bk
Streptomyces aurantiacus ATCC 19822 Fl
Streptomyces dioscori JCM 321735 g v [5]
308 T A O R R R A B L
1.1.2 FERFFNLEE

2.5% S I W . B N BREEHER . X
Wi ARBE . BThifrobE . IR 2 2R 5, AT
AW T AR B A BRAF] ;s Premix Tag
TaKaRa G EY) TR CKE)ARRA W ; PCR 51
Y 5 A MER AE MR B IR A A s AP
ZYM R 6, BRI A iR )=
Pk, FiEWAL TARA R ; GF254 RERAR
H S TAHRA A,

Yk XPARHRE, A, AR
HEEH AL LC-MS, FEER KA FE; PCR Y,
Eppenddorf A 7] ; 4> H 3h 41 % % & 248, MIDI
OvHE); EIRE AREUY, MP AEYIESF A,
1.1.3 ERE

Z: WA SCHR[17]8C ) ISP1-ISP7 1 ISP9 5
PGSR AL, S BSCHR 18] RC il = [R— 5 15 5%
F | U R NA Bi 73, TSB B 7R5W H
Oxoid 23 7 5 2 WESCHR[ 197 B il &L IR A F RS 723
1.2 WEYMEESENERELE

W AP Qhu-G9 W Z P T ISP1-ISP7 .
[K—*5 . NA g5 bk, 28 °CH5 9% 14 d i
TTMRIE A2 R o R ik PO7E 1SP2 B 9%
JE | 28 °CHi 3% 10 d J5 FHA ST WA H ik
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AR A RIRY )5 TR BsE T
WMEA T 22IE .
1.3 B4 LHENE

Sk U A TR MR B G I B L il pHLL FRET AZ
FHIE, # 5% Qhu-G9 WAk FI #4702 TSB #5
FRILR, FERIRIIREE (540 °C, 5 °CH— )
T, 180 r/min ¥55% 7 d; #HL pH (3.0—12.0)F14
AN FE (0-10%)45F T, 28 °C. 180 r/min 557
7 d; AR E AR . RIEA GO, K 5%
Qhu-G9 Bk FhF W 42 Fh 2 1SPY Bk I A I 55 57
FEMAEWE A AR FRIE, 28 °C. 180 r/min K55
7 d. o EACERE . IREG . FAEZROKIE . HS
A VEM KRS S BRI TR P 5 8 5 R Gy
) UONm g #2HE APT ZYM a7 & fff I A it
— AR B AL 1 I
14 ESESH

R 5% Qhu-G9 TRHEFN W4 2 TSB K
F75L 28 °C., 180 t/min 557 7d, 4 °C. 6 000 r/min
B0 10 min ¥R TR RS2 0 2R e
224 AF S SSRHIE S TS IOl A Pk
YESRG425) Y, 28 Hasegawa 250l
VA2 BT 20 T 4 AT 7K A AR R 22 R R A 4
AFREL 50 mg ZRTEEAIA 100 pL 0.5 mol/L
HCI #1 100 pL 6 mol/L HC1, 121 °C/Kf#, T
i £F4E R )2 M AR A TR 20 I E - DK R -
K(8:5:1:1.5, PRFLEL ) A H B nfk B - UK S R K
(5:0.5:0.125:2.5, {RFH)W JBIR R TENT;
% W Kroppenstedt 22150 # # 2 25 i Wi 4,
100 mg T B A ES 5 A 15 mL B B35 7K 7
10 min, BHJ5H0A 10 mL =& H BE M i i 2%
FACNE R ZE Y2, AHUHET 37 °Cifk4s, fii
A e Q21 AR FR S I RIS L T GF254
REWCHR b A TSR 2 e Br (R IHA & - &l
FR s KARFR N 65:25:45 G40 408 KA
RN 80:15:12:4); 2 APk SR B

ZRBRAL A 2 5y (2 EEE), 100 mg ¥R T BT
BEJE, A 40 mL — & H e AT L 2:1
VW, 180 r/min iR, FIHR 40 °CHiERiE
T, 0.5 mL W%, GF254 R EIEC ke
CIRARILL A 85:15 JE)2, 254 nm 4N T EIEL
FIXTIERE . R=0.8 MIKEH (2545, A 0.5 mL
B, I 0.22 um ARFLIE I I8 )5 BEFT
LC-MS/MS Z3#r. T IR 2 v B
Py A R B G, e B S A E R
4500 5 e B B4 o
1.5 HFEMESH

¥ 5% Qhu-G9 R FhF W47 T TSB 15 5%
JL 28 °C. 180 r/min X557 3 d J5,4 °C .6 000 r/min
20 10 min BRI, TCRKIEVE 3 IRGEET
0.5 mL JCR/K H o i FHAZ RR R B HUUAE 6.5 Ms
20 s R . 20 s ZZ M A5 T L DNA; EEX
WEC3I WG, 4°C, 12 000 r/min B> 5 min,
B IS WA PCRAE . {58 40 738 115 1) 27F
(5'-AGAGTTTGATCCTGGCTCAG-3")Hl 1492R
(5'-TACGGCTACCTTGTTACGACTT-3")i#4T 16S
rRNA JERFES AP 1 . PCR FUWAKZ (25 pL):
. FUEBI#(10 pmol/L)4% 0.5 uL, Premix Tag
(0.05 U/uL) 12.5 pL, BitR(56 ng/uL) 2 uL,
ddH,0 9.5 uL. PCR JZhi&cf4: 95 °C 6 min;
95°C 455, 56°C45s, 72°C90s, 30 MEH;
72 °C 10 min. A] 1%B B B 5 S HL vk X PCR 7
YIRS AT IR . BRI R A &Pk R S
EzBioCloud %4l g v # =C MRE A7 e xT, 1
MEGA 7.0 B4 FEc KASKZ:(maximum likelihood,
ML R G & B, bootstrap H J&& 1 000 YKk
5 RS0 K B WS EAF XA

EFE Qhu-G9 AYFEF M F it i HiL &
A= MR AT BN B AE PacBio ¥ V-5 58 . 18
8 Prodigal V2.6.3 EAF B, ) FH
A Circos VO0.662 122 1 K 20 P8I K, g E— 4
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SIHTRMREE R ) 22 Rk, 1T T 405 DNA-DNA
HAL T IRL AT IR — Bk 5853 . i GGDC
W % (https://ggde.dsmz.de/) 318 H 5 fe A0 DL
Pk(Top4)() dDDH, fii F| JSpecies 315 JE T Xt
BLAST (¥ ANI{H"™, 248 Btk Qhu-G9 I
Ry v ), A antiSMASH 7E48 T H.

(https://antismash.secondarymetabolites.org/)!**

TR A 1 A= 3 S TR

2 EREG5M

2.1 HE#% Qhu-GY BIEE

Fibk Qhu-G9 £ 16S rRNA K&K § 1 Fiii
¥ R A Kl 1 405 bp, B2 F 1% GenBank,
o5 o OP984809, #RJ5, 16S rRNA K[
J¥%1 5 EzBioCloud U4 & H () B R 7 91 A 7
Xt , RBHS5HF W Streptomyces dioscori

A217" | S. auranttiiacus NBRC 13017" Al
S. glomeroaurantiacus NBRC 15418 ML= ,
¥4 99.22%, M5 S. tauricus JCM4837" LI JE
S 98.93%. i fe AHABI Y Tamura 3-parameter
GHl 5, WERAPSRIERGLEMA 1), 45
RARIE M Qhu-G9 M 32, HY5 S. dioscori
A217". S. auranttiiacus NBRC 130177 HH 5
o PhEgERDI Qhu-GY J& THE 5 .
2.2 E#k Qhu-GY BIL 7S #f

Bk Qhu-G9 7E ISP1-ISP7 #5350 . &[G
—5 . BARFEELRARIAE 2), HPE
Pk Qhu-G9 7E ISP2 ¥ 37 55 5% 7 d J=, W&
GAEST, WYL, ARG, 78 ISP2.
ISP3 ., ISP4 Flm [K—S 8553 b - A el
+, W7 ISP1, ISP2, ISP3, ISP6. ISP7 #l
NA Btk A\ aa R RHER ). @l

Streptomyces umbrinus NBRC 130917 (AB184305)

L Streptomyces ederensis NBRC 154107 (AB184658)
e Streptomyces phaeochromogenes NBRC 31807 (AB184738)
Streptomyces camponoti 2C-SSA16(2)" (KP784805)
66 ————— Streptomyces tauricus JCM 48377 (AB045879)

Streptomyces glomeroaurantiacus NBRC 15418 (AB249983)

99 Streptomyces aurantiacus NBRC 130177 (AB184259)

Qhu-G9 (OP984809)

Streptomyces dioscori A217" (KZ679049)
Streptomyces humidus NBRC 12877" (AB184213)

—
0.002

Streptomyces plumbiresistens CCNWHX 13-160T (EU526954)

e
63 Streptomyces pseudovenezuelae DSM 402127 (KQ948163)

El1 E# Qhu-G9 E T 16S rRNA £ H [F %5 H maximum likelihood 7735 AR FEAEHR T4
FEFRET 1 000 WESRFEM A RBEAE R BE 50%ME); 55 0755 3= s 5N B R
GenBank %535 ; bR REREMZATBRN S FAY 0.002 2257

Figure 1

The phylogenetic tree constructed using the maximum likelihood method based on the strain

Qhu-GY 16S rRNA gene sequence. Numbers at nodes are bootstrap values based on 1 000 re-samplings (only
values above 50 % are shown); The sequences number in brackets represent GenBank accession numbers of
corresponding strains; Bar, 0.002 changes per nucleotide position.
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2 E#k Qhu-GY FREIEFE FBIFSIFME  A-G: ISPI-ISP7 555 H: EIK— 5K 1. NA

Bigrdk. ). BRI

Figure 2 Morphological characteristics of strain Qhu-G9 on different media. A—G: ISP1-ISP7 medium. H:
Gauze’s Medium #1. I: Nutrient agar. J: Czapek’s agar.

%1 E#k Qhu-G9 MR SHHE

Table 1 Morphological characteristics of the strain Qhu-G9

HrFR A RN EESE BRREAN 5771
Type of medium Growth Colony color Pigment accumulation Spore production
ISP1 +++ K # Beige 5 {4, Brownness -

ISP2 +++ K Beige #5{% Brownness F1 {2 White
ISP3 +++ K Off-white 5 {2, Brownness F1 {2 White
ISP4 e Kk # Beige - 1 {2 White
ISP5 -+ K Beige - -

ISP6 +H+ K # Beige ¥4, Brownness -

ISP7 +++ K Beige 5 {4, Brownness -

5 [—%5 Gauze’s Medium #1 +++ K Beige - {6, White
NA Nutrient agar ++ K Beige #5{% Brownness -

%X 3, Czapek’s agar A+t K Off-white -

s KRR+ KE—HB; - KU

+++: Grows well; ++: Grows moderate; —: Not observed.

SERER (B 3A) KB, WPE Qhu-G9 TH 22 {4k 2
YORBIREAAR . ARGt (B 3B), RME
MR 22 Haktk, B2 ETE.
2.3 Btk Qhu-G9 By T4 (L 451E

i} 52 PS8 6 WA (3% 2), itk Qhu-G9 AT LA
TE 1040 °CHK, I HEEERKERE N 30 °C;
TE 0-4% (AT %0) NaCl # & 444 F IE#
K, B K NaCl i 52 W BE 4% ; [ B 7 Pk Qhu-G9

RETE pH 5.0-12.0 Z [+, Hd pH 7.0 Bk
Sl IFH 2 BREMOIER S, aurantiacus
ATCC 19822" 5 S. dioscori JCM 32173" th B
AR AR RE R . B IR SES, R PPk
Qhu-G9 BEWFI ] D- T #&HE . B4 bH .- 7LHk
LB . SR IDBLEE . SoRbE . HER AR A
Wi, AEEFIH D-BTRARE . ABERIAZNE; AIK
AT, ZWE A AR R . AR . I
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WIR . KRB . AR, SARMHAMmYE SRR MeME . DMy e . BEAE . ®
FRAER T, (EIEARER FIRS 2 PR M 2R . PEBERRG . 251 -AS-BI-BE R K R BG . a-FZLHH
AN, Qhu-G9 BERE™E HoS. KMEIERY, HA 7. B-FIUMKHE . o- & kR . p- 40 bl
RV RE S L, (HAHADREERIEYE. AP ZYM TR . N- & It 20 W 1 AN o- - 88 W 1 I 205
B & B, 0w B A IR Eh i . IREE(C4). M, MBRBEFLEE . p-AHRERR TR oS

KNGNiME(CS) . FAGHH(C14) . IR TT LB | BT O TR S B

I L um JEOL

um
) 3.0kV LED SEM WD %.7mm

B3 E# Qhu-GY MEMEH  A. HHENE. B: AKRYLE5 /) BB EL(1 000x)

Figure 3 Microstructure of the strain Qhu-G9. A: Scanning electron microscopy. B: Microscopic observation

after carbolic acid staining (1 000x).

F2 E# Qhu-GI 5 HRMIMR N EHRAYEIRE ML HFIE LLAL

Table 2 Comparison of the physiological and biochemical characteristics of strain the Qhu-G9 with the

most similar model strains

i H Item Qhu-G9 S. aurantiacus ATCC 198227

S. dioscori JCM 321737

i Temperature (°C) 10-40 10—40
ELJE Salinity (%) 0—4 0—4
%)% Pondus hydrogenii 5.0-12.0 5.0-12.0
BRVE Carbon sources
p-H # & D-mannitol " n
D-Pi$7 A4 D-arabinose - _
FZ5 8 Rhamnose
D-2E ¥ B p-galactose
JILIE Inositol
HLBE Fructose
11134 Sorbitol
L3k Ulai sugar
H # ¥ Mannose
Hi % % Glucose
AW Xylose
1M Ribose

+ o+ o+

+

I+ + + 4+ + + + o+
I+ o+ [

10—40
0-6
5.0-12.0

I+ + + + +

+ o+ o+ o+ o+ o+
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(8832 2)
i H Item Qhu-G9 S. aurantiacus ATCC 198227 S. dioscori JICM 321737

% F Nitrogen source
JVE 2 Threonine
N4 2 Alanine
Jifi4& 2 Proline
KA HE Asparagine
225 1R Serine
FH &R Arginine
fi% & R Tyrosine
@2 Glutamic acid
H &M Glycine

H,S ;=4 H,S generation

FER KR Starch hydrolysis

}E Vi Lipase
ki -20 Tween-20
it -60 Tween-60
i -80 Tween-80

Wi Urease - -

APl ZYM
B B R $h 5 Alkaline phosphatease
fig i} Esterase (C4)

BRIl Lipase (C8)

JJEHE Lipase (C14)

M & 82 95 B B Leucine arylaminase

42 12 5 Wi Valine arylaminase

e &R 75 B Cystine arylaminase

JBR 2K 1 Trypsin

[ EEFL & 1 Chymotrypsin

TR PEWEBR NG Acid phosphatase

25 -AS-BI-1 2 K fift 1

Naphthophenol-AS-BI-phosphate hydrolase

a- LT i a-galactosidase + -

B-2EFLAEFil§ B-galactosidase + + +

B-WEBERR 11 B-urosidase -

o- 7 % B o-glucosidase

- 4 BEAT I B-glucosidase

N- 2 Pt -3 2 Wi e il N-acetyl-glucosaminease

o- T #EMT B a-mannosidase

o~ WM T a-fucosidase - - _
+: PR - BAE

+: Positive; —: Negative.

+ o+ o+ o+ o+
+ o+ o+ o+ o+

+ o+ o+ o+ o+ o+ o+ o+ +

+ o+ o+ o+

+
+

+ o+ o+ o+

+ o+ o+ o+ o+ o+ o+ o+

+ o+ o+ + o+ o+ o+ o+ o+ o+
+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+

+

+ o+ o+ o+
+ o+ o+ o+
+ o+ o+ 4

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1880

(DGX7ES ik

Microbiol. China

5 H AR S, dioscori JICM
32173" 1 S. aurantiacus ATCC 198227 4 B A= 1k,
FRAFE HL SR B, Qhu-G9 B R 7E Bk Y5 A1 2 U A
ML HoS AR DRI S O AR AE— E 1 22
5o TERMIEFI T, BT S. dioscori JCM
32173", Qhu-G9 5 S. aurantiacus ATCC 19822"
EANBER ] D-BRLFbE . ABEFIRZRE; 3 FhiE
FHWt, HA Qhu-GY REMEHI AN ; 1Ah,
Qhu-G9 5 S. dioscori JCM 32173 fig g ) i 14 3k
B, M S. aurantiacus ATCC 198227 MIARE, H,S
FRHEDTHL, RN HoS AR, TR Qhu-GY &
FHME, 1 S. dioscori JICM 32173 F1 S. aurantiacus
ATCC 19822" St JRMEGHEYEJ7 1, Qhu-G9
5 8. aurantiacus ATCC 198227 IR S A, 1
S. dioscori JCM 321737 M. 514k, FEHAh
il 1% 5 17, Qhu-G9 A HLAT BRBEFL 2 1 1 1 T
P, WAL S, dioscori JCM 321737 Al
S. aurantiacus ATCC 198227 fr 6 #P 2 FH A 5
S. aurantiacus ATCC 19822 7E o-F-ZL BT il
A EEAM, ™ Qhu-G9 5 S. dioscori JCM
321737 P

Qhu-G9 #4328 RT:29.33 AV:1

NL: 2.90E4

2.4 B Qhu-GY B 5 7 RA4FIE

WPk Qhu-G9 4K MEY) TLC ¥ &
B, A A R K AR O 2 B AR LR, =
RN LL-2,6 2 FEBPF R[(2S,6S)-2,6-
diaminoheptanedioic acid, LL-DAP], 3T LC-MS
M 7E WPk Qhu-GY S IURTRFP (I 4), KBI>
FETWEIMAH] 793, [R) B H g i 16
A m/z=187 (W HEZRIR) A RRAE 14 s 1
DR I ) 2 Ry MK-9 () fff FHXURH )2 2 B
oM RN 5), TEAIEE SO
e, mAEEROEEO, HEREORER
B % fg Tk £ % B (phosphatidylethanolamine,
PE); a7 [ e 0 52 4 5 0 Bl A Mk PP L i
(phsphotidylinositol mannosides, PIM); [u] & i
Qe EA . HPRIR YL (4 5 OO BRNR LR
(phosphatidyl inositol, PT); FHm AR e (2 5 5 0 A B
g FH L £ BER% (phosphatidylmethyl ethanolamine,
PME); HiFBEQ RO, HBREOEES
15 I8 2 H- I (phosphatidyl glycerol, DPG)F14H
PR (L EWE AR 3 N RAIBERR(LL, L2 Al
L3). BPRAIRPENE BT % GR 3T EA Cieo

F: FTMS + p ESI d Full ms2 793.6870@hcd29.67 [55.333 3-830.000 0]

187.075 85
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Figure 4 The secondary mass spectra of menaquinone in the strain Qhu-G9.
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Figure 5 Analyses of phosphate lipids in the strain Qhu-G9. A: Ninhydrin staining. B: Anisaldehyde

staining. C: Molybdenum phosphate staining.

(10.12%) ., is0-Ci49 (5.65%). Antieiso-Cysg (19.72%).
Antieiso-C 7.0 (5.83%). Cig107c (5.37%)5F, Hr
Cis0 (10.12%)5 Antieiso-Cs.o (19.72%)AHXF &
R, AR PR 2 AR AURRLE
2.5 H#k Qhu-G9 B FEYFHFE

R it A3 AR A A R R S TR PR

x3 B Qhu-G9 5RAMBIMERXERIRIEASE LLIR
Table 3 Comparison of polar lipids between the
strain Qhu-G9 and the most similar type strains

Fatty acid

Qhu-G9 S. aurantiacus S. dioscori
ATCC 198227 JCM 321737

Ciz 0.07 0.1 0.2
Cis0 0.92 3.5 0.4
Cis.o - 10.5 15.9
Cis0 10.12  40.5 36.4
Ci7.0 0.79 3.7 2.6
Cis:0 0.34 3.6 1.4
1s0-Ci4. 5.65 - 7.9
Is0-Cig.9 0.08 0.2 -
Anteiso-C3.g 0.18 0.2 0.1
Antieiso-Cjs. 19.72  13.5 20.4
Antieiso-Cy7.9 5.83 7.5 4.6
Cis:107c 5.37 7.0 5.1
Cis.108¢ 0.17 0.9 0.3
Ci7 cyclo ®7¢c  — 8.0 1.5
Is0-C;7.;05¢ - - 3.1
—: ARATI

—: Not detected.

Qhu-G9 43224 L, AFFEXT Qhu-G9 AT
T PacBio 4BERAIN T . A W1E B 2F
Mr, BHE Qhu-G9 JEHAK/NN 9.90 Mb, GC
TN 70.54%, B 2 4~ Scaffod 4k, H
Scaffod 1 R YLt fARSL N, KJEH 9 539 225 bp,
Scaffod 2 JyBUkIHEH, HIK/NAH 359 958 bp,
M EHHEC 1% GenBank (B354 CP114282
F1 CP114283). i i Prodigal V2.6.3 k{4 1 3|
B A IE R 3L 8 727 4>, MK 8 510 325 bp,
di HE R ZH Y 85.97% (] 6).

Tt — MR R IE R (R 22 S, AT T
7 DNA-DNA Z242 (dDDH)HIE- 44 4% 4 iR — 2
PEANDI RS HT, & PR Qhu-G9 S5 AH
Btk S. auranttiiacus NBRC 13017" () dDDH {H5
AN S, 20918 36.50%F1 88.21% (£ 4), ¥
fitF dDDH 5 ANI J 5135 B A (S 70%771
95%*%, kit — A UL Qhu-G9 b —Hk
A R JE TR
2.6 Bk Qhu-G9 RIR BRI = EME K
BhSHh

AWFSE 1t antiSMASH 7E£6 T 2007 1 5%
B0 Qhu-G9 MR AU W W) Wi fg
fEHIEH A LI 31 SRR E
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Figure 6 The genome map of the strain Qhu-G9.

LR (R 5), Hop 1 AU 1T BURES Ak &
YJ(T1PKS 1 T3PKS¥atf %, Bt 74 4
KA 22 JIK B2 H 2K D14 (NRPS . NRPS-like) filiff;
FAE Y (terpene) tE W& EL IR 4 54>, 8k
A4 (siderophore) = W) & I EE A 5 4 4>, J4hik
FAAEIRLE B AR IR & P (1anthipeptide-class-T)

x4 HH Qhu-GY SRMBMUERNE®RS FEY
FHAE LR

Table 4 Comparison of the molecular characteristics
between the strain Qhu-G9 and the most similar type
strains

Most similar strains ~ 16S rRNA gene dDDH ANI
similarity (%)  value (%) value (%)
Streptomyces 99.22 36.20 88.12
glomeroaurantiacus

NBRC 15418

Streptomyces dioscori 99.22 34.40 87.48
A217"

Streptomyces 99.22 36.50 88.21
auranttiiacus NBRC

13017"

Streptomyces tauricus 98.93 35.10 87.89
JCM4837"

RO TOoZLIA TQTmmgOw»

=z

EEEEEE EEE
<s<C

Z N

: RNA processing and modification (1)

: Chromatin structure and dynamics (1)

: Energy production and conversion (365)

: Cell cycle control, cell division, chromosome partitioning (31)
: Amino acid transport and metabolism (458)

: Nucleotide transport and metabolism (94)

: Carbohydrate transport and metabolism (492)

: Coenzyme transport and metabolism (135)

: Lipid transport and metabolism (226)

: Translation, ribosomal structure and biogenesis (184)

: Transcription (671)

: Replication, recombination and repair (357)

: Cell wall/Membrane/Envelope biogenesis (199)

: Cell motility (0)

[T O: Posttranslational modification, protein turnover, chaperones (147)
: Inorganic ion transport and metabolism (297)

: Secondary metabolites biosynthesis, transport and catabolism (145)
: General function prediction only (725)

: Function unknown (1 510)

: Signal transduction mechanisms(325)

: Intracellular trafficking, secretion, and vesicular transport (34)
: Defense mechanisms (133)

: Extracellular structures (0)

: Nuclear structure (0)

: Cytoskeleton (0)

ot Cog annotated (2 197)

YA B 1A IR A&
B 4. 16, 18, 21, 26 F129 5 2 AR AL
=P i A S LA 100% AR, 150 B HH
A7 A R B 2RI A P A ectoine |

isorenieratene . informatipeptin ZEAYFE 13 A
Wi R R 2. 10 F 22 5 E AR GACE =)
HE G IR R AT B R A (>50%) , R
Pk Qhu-G9 I g HLAT Zh 2k 2k 1A desferrioxamin

LA ZE teichomycin MiiiZEY 5t hopene ZE U4
MIRIRE o BRILZAh, HARAY6 ik N iR T
A B P OR BT R, B SRR
Yy A= W) R TR AR AR DL ARG, U B L
A G B REARMKIRT Y008I, RIS E
PEI3 7 1 SR

3 W54 #®

AHIFFE T 8 e D B A 05 b R R )
B — AR EEEE T Qhu-G9, FHE I ZAH /3 2521
JIEHE T Qhu-G9 Wy b2l
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=5 B Qhu-G9 E R A P R RR G EMS ABE E i& AT

Table 5 Prediction of biosynthetic gene clusters encoding secondary metabolites in the Qhu-G9 genome

Cluster No.  Type Position/Length Most similar known cluster Similarity (%)
Cluster 1 NRPS-like S1/40 712 / /
Cluster 2 Siderophore S1/10 709 Desferrioxamin B/ 83
Desferrioxamin E
Cluster 3 Melanin S1/7 758 Istamycin 5
Cluster 4 Ectoine S1/10 404 Ectoine 100
Cluster 5 NAPAA S1/33 452 / /
Cluster 6 T3PKS S1/40 698 Polyketide 8
Cluster 7 Siderophore S1/10 538 / /
Cluster 8 Melanin S1/10 356 Melanin 28
Cluster 9 Ladderane S1/41 343 Colabomycin E 13
Cluster 10 Phosphoglycolipid S1/28 750 Teichomycin 77
Cluster 11 T3PKS, thiopeptide S1/81 795 Granaticin 13
Cluster 12 NRPS-like, butyrolactone, NRPS S1/67 141 Kutznerde 2 20
Cluster 13 T3PKS S1/41 100 Furaquinocin B 8
Cluster 14 T1PKS S1/43 693 A54145 3
Cluster 15 T1PKS S1/45 185 Goadsporin 12
Cluster 16 Terpene S1/25 204 Isorenieratene 100
Cluster 17 NRPS, TIPKS S1/51 578 Neocarzinostatin 6
Cluster 18 Lanthipeptide-class-iii, iPP-like S1/26 376 Informatipeptin 100
Cluster 19 T1PKS, terpene S1/43 244 Cyphomycin 2
Cluster 20 Terpene S1/19 055 A54145 5
Cluster 21 NRPS S1/58 899 Scabichelin 100
Cluster 22 Terpene S1/59 075 Hopene 92
Cluster 23 T1PKS, NRPS-like S1/48 540 Kanamycin 46
Cluster 24 Siderophore S1/11 743 Grincamycin 8
Cluster 25 NAPAA S1/34 895 Stenothricin 13
Cluster 26 Terpene S1/20 936 Geosmin 100
Cluster 27 RiPP-like S1/11 322 / /
Cluster 28 Siderophore S1/15 132 / /
Cluster 29 Terpene S1/21 085 Albaflavenone 100
Cluster 30 Other, phosphonate, NRPS, TIPKS  S2/37 883 Phosphinothricintripeptide 6
Cluster 31 Lanthipeptide-class-i S2/21 942 / /

S: Scaffold; /: RiERE
S: Scaffold; /: Not annotated.

TN, BAR Qhu-G9 44 LK fftl b A AT . 2K
FLBE, EIEM N LL-DAP, HPEIEFESH
Cis0~ 180-Ci40. Antieiso-Ciso. Antieiso-Ciz -
Cigio7c %, BERIENE F L A45 PE. PIM,
PI. PME. DPG #l 3 M ARFWERR(LT L2 F1L3),

[I=EAN
i 55 T R 2 Ry — 3, IR . 168 rRNA LI
Fy 0 M R 2R G0 4 7 AR 4 R A Al O — IR S T R

FILZEM o MKO (H8)., 734k, 456 TE A MEL A
AU LRAIER A, WA Qhu-G9 5 HA & GC

A EL

LL-DAP }% 44 Bg 7K fft 4 o JCRRAE 4 1)
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PRIE THER MR . Eid 168 rRNA JE[KF41 4
Mr, A Qhu-GY SHEF A S. glomeroaurantiacus
NBRC 15418, S. dioscori A217". S. auranttiiacus
NBRC 13017  #HBIER R, ¥4 99.22%, {HZ
Qhu-G9 TERGKF M 2B —3, nlEE
T 16S rRNA BN 24 D1 5 o 1 5l K-
SRS E T80, RURRERE
At 5 25 R BT R S E U S, cyaneochromogenes
MK-45"31 S septentrionalis ZLN712"34 F
S. lacrimifluminis 710277778, 24 16S
rRNA J K Jy S A B = T 98.65% M, TE 11
o A JE D21 FP 9] g3 B ok ok — 28 ) W = 15 Ol
PO, FEAWFGE F, Qhu-G9 43 K 41 5 AL 7
S. auranttiiacus NBRC 13017" fj dDDH 5 ANI
{E 5, 53900 36.50%F1 88.21%, BIMEF #1541
B S EER, -2 E Qhu-G9
— MR BT . FET UL R Z AR, B
B FE Qhu-G9 iy 44 A Streptomyces haixigobicum

Qhu-G9 (hai.xi.gobi.cum. Gr. pref. haixi, location;
Gr. n. gobi, habit; L. fem. suff. —cum, adjectival
suffix used with the sense of belonging to; N. L.
neut. Adj. haixigobicum, pertaining to Gobi
habitat in Haixi, Qinghai Province, China, where
the novel strain was first isolated),

IR A M, KIEEER Qhu-GY Fi
58 727 ANEE, A AEERIZH RN 85.97%. A
XTI R B DR 2 25l 5 g 2 R B, TR
B BRI B YA g T, A
antiSMASH Z3 Bt 500 132 7 A AR 5% 1) G A
KR =W Un desferrioxamin , ectoine | scabichelin
SEITE J) o Desferrioxamin B F Ry 2 8 h 22 1
SR, 1968 4R 3R [ B bl AN 25 )4 BILR) (Food
and Drug Administration, FDA)HEEH Tl RP®,
1 ve Z [H (ectoin) g & PR T35 M Eh A vg £h HT
Ve L PN /UL S Tl e N G 2 I = B Ve DS B
Y AHTR o DR EE 11 5T A ) B A 52 W i P 58 5%

PEE R E, T2 AT . B, el Tk
SEAURET, AT RIBEIE R, ectoine S fTE
B9 BEREAR TR e SR il BB 2 A RO
P83 Isorenieratene FLAGHRIR I IT B 451,

S R R I VBT A AR A EE S LA 47 1
F WO M Rhodococcus sp. B7740 w2 BUAY
isorenieratene XJ HLZE A E AN A IR
WAL S BT BRAE 1Y Ak, scabichelin HA
B PR AE Y A LRE B 2 Rl 55 R A
[F] i AR RS 5 00+, AT LASE i - i 7K
BREHB B, N 1 i &1, 3 L
wEW, HEEE Qhu-G9 H AR KNI &K ME
AN AT, 28 Bk, it 20K e
G, WHE Qhu-G9 FE K IR A E R B H ol
BERERAP . RIET IO E] 31 ARG IR A
%, FHIT 2095 R JC C AR AR B IR %

PR E R Qhu-G9 TEAZHE B B U A 4
I ARG -
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